Introduction
Transcatheter uterine artery embolization (UAE) for treatment of fibroids was first reported by Ravina in 1995 [1] . The continuous advance in the field of vascular Interventional Radiology has facilitated UAE, through the development of low profile catheters and particulate emboli such as polyvinyl alcohol particles (PVA), PVA microspheres and trisacryl gelatine microspheres (TAGM). Prospective randomized studies such as the EMMY and REST trial that compare UAE with hysterectomy have proven scientifically that there is a place for UAE in the treatment of women with symptomatic fibroids [2, 3] . The QOL 5 years after hysterectomy or embolization is equal. Several registries and non-randomized trials have supported these findings. The trials have shown that UAE should be offered to women with symptomatic fibroids causing menorrhagia, as an alternative to hysterectomy (Level 1). The present document provides quality assurance guidelines regarding UAE for the treatment of symptomatic uterine fibroids.
Definitions
Technical success is an occlusion or marked reduction of blood flow in both uterine arteries. Successful embolization of only one uterine artery is considered a technical failure unless only a single uterine artery is present.
Clinical success is the resolution or satisfactory improvement of the patients presenting symptoms, such as menorrhagia or bulk-related pain, bloating, urinary urge, or constipation, without additional therapy.
Non-target embolization is the unintended release of an embolic agent into a vascular territory outside the targeted area. In the pelvis, the areas of concern are the ovaries, urinary bladder, intestine, muscles, and nerves, in which non-target embolization can result in symptoms of pain and/or infarction, the possibility of temporary or permanent disability and premature menopause.
Post-embolization syndrome is the occurrence of pelvic pain, low-grade fever, nausea, vomiting, loss of appetite and malaise in the first few days after UAE.
Endometritis is defined as inflammation of the inner lining of the uterus (endometrium) after UAE, which presents as pelvic pain, watery vaginal discharge, fever and/or leukocytosis, and can occur days to weeks after the procedure. It may be due to infectious and non-infectious causes.
Leiomyoma or Fibroid infection is a bacterial infection of one or more fibroids as a result of (i) colonization of devitalised fibroid tissue by blood-borne pathogens or (ii) the ascent of vaginal organisms. Symptoms and signs include abdominal or pelvic pain, fever and/or leukocytosis.
Uterine (myometrial) infection is defined as infection of the uterus, possibly as a result of necrosis of all or part of the uterus, which manifests as abdominal or pelvic pain, vaginal discharge, fever and/or leukocytosis.
Transcervical leiomyoma or fibroid expulsion is defined as the detachment of leiomyoma tissue from the uterine wall and subsequent transvaginal passage, most commonly occurring with submucosal fibroids that have narrow points of attachment. This process may be associated with uterine contractions, abdominal pain, fever, nausea, vomiting and vaginal bleeding or discharge.
Levels of evidence according to the Oxford Centre for Evidence-based Medicine are as follows: Level 1A systematic review (SR) of RCTs. 1B individual RCT. 2A SR of cohort studies. 2B individual cohort study. 3A SR of case-control studies. 3B individual case-control study. 4 case series. 5 expert opinions.
Pre-treatment Imaging
Cross-sectional imaging (Fig. 1) by ultrasound or Magnetic Resonance Imaging (MRI) is performed to confirm the diagnosis of leiomyoma and to rule out other pathology. In assessing suitability fsor UAE, MRI with iv Gadolinium enhancement is the preferred imaging technique (Level 2). MRI provides considerable additional information compared to transabdominal ultrasonography with regard to the number and location of fibroids [4] . MRI has also been shown to be superior to transvaginal ultrasonography in assessing correct positioning and uterine wall embedment of the fibroids [5] . In addition, MRI criteria used for the selection of suitable UAE patients are reported to show good inter-and intra-observer reproducibility [6] . Findings on MRI that are considered important in determining the suitability for UAE treatment are the size of the uterus and the fibroids, the number and location of the fibroids, the presence of pedunculated fibroids, signal intensity of fibroids on T1-and T2-weighted images, viability of the fibroids, the presence or absence of adenomyosis and coincidental pathologies that may change patient management [6] [7] [8] .
MRI is usually performed by obtaining coronal, sagittal and axial T2-and T1-weighted sequences. Gadolinium should be administered to determine the viability of the individual fibroids. Fibroids that show infarction prior to embolization are less likely to shrink after treatment. 3D contrast-enhanced MRA has been shown to be useful for mapping the pelvic vasculature including the ovarian arteries and to identify the optimal tube angle to facilitate catheterization of the uterine arteries during embolization [7] .
Indications for Treatment and Contraindications
UAE is indicated for uterine fibroids causing significant lifestyle-altering symptoms, specifically heavy menstrual bleeding, severe dysmenorrhoea or anaemia (Level 1). UAE is also indicated in fibroids that cause pain or a mass effect on the bladder or intestines (Level 3). Contraindications include a viable pregnancy, active infection of the uterus and malignancy of the uterus or the ovaries unless the procedure is being performed for palliation or as an adjunct to surgery (Table 1) .
Relative contraindications for UAE specifically include the desire to maintain childbearing potential because preservation of fertility is not assured in the current literature (Table 2 ). However, uncomplicated pregnancies and normal deliveries have been reported after UAE [9, 10] . Thus, this procedure may be considered for women who are not candidates for myomectomy, however, not as a first choice option (Table 1) .
Traditionally, UAE has been used to treat fibroids with relatively small diameters after anecdotal reports of limited results and increased complications in larger ([8 cm) fibroids. However, two recent studies showed no different clinical results or complication rates after UAE of large ([10 cm) fibroids in a total of 100 patients [11, 12] 
The presence of pedunculated subserosal fibroids, defined as a uterine fibroid tumour, with a stalk diameter at least 50 % narrower than the diameter of the tumour is considered a relative contraindication because this might cause torsion of the stalk, ischaemic necrosis of the tumour or separation of the tumour from the uterus [13] . There are a few cases in the literature reporting complications due to septic pedunculated subserosal leiomyoma requiring surgery, but the exact incidence of complications after embolization of such lesions is unknown. There are a few reports in the literature that support the use of UAE for pedunculated subserosal fibroids but these are limited [14] . Thus, at present, the embolization of pedunculated (tumour stalk at least 50 % narrower than the tumour itself) subserosal uterine fibroids remains controversial (Level 3).
Another contraindication is the presence of a common arterial supply of the uterus and (one or both of) the ovaries, in those cases when the uterus cannot be embolized selectively. Embolization of the ovaries can lead to premature menopause especially in women older than 45 years of age (Level 5).
The presence of an intrauterine device (IUD) has traditionally been considered a contraindication for uterine embolization, but a recent series of 20 women, accidentally embolized with an IUD in situ did not show any infectious side effects [15] (Level 4).
Relative contraindications to any endovascular intervention include coagulopathy, contrast material allergy and impaired renal function, which can be treated preembolization.
Patient Preparation
All possible candidates for UAE should undergo assessment by a gynaecologist with training and experience in gynaecologic care. The examination should confirm the diagnosis of leiomyomata and exclude a viable pregnancy and/or active infection or malignancy of the vagina, cervix, uterus and ovaries [16] . All candidates should also undergo assessment by the attending interventional radiologist in order to be informed about the procedure, clinical success rates, complications and follow-up.
A recent complete blood count should be available for patients with heavy menstrual bleeding. For patients with a history suggestive of an underlying bleeding disorder, further tests such as an activated partial thromboplastin time and prothrombin time with international normalized ratio should be acquired [16] .
Renal function should be acquired from high-risk patients. In cases of impaired renal function (eGFR\60 ml/ min/1.73 m 2 ), patients should be treated according to the European Society of Urogenital Radiology international guidelines [17] .
It is believed that the use of gonadotropin-releasing hormone (GnRH) agonists by patients should be discontinued since it may hinder the technical success of UAE. However, in a recent study, the use of GnRH agonists before embolization of large fibroids was safe and did not prevent technically successful UAE [18] (Level 4).
It may be prudent to have an IUD removed prior to the procedure in order to avoid infection (see indications and contraindications section above).
Equipment Specifications
In order to perform UAE, the use of a dedicated DSA C-ARM unit adequately equipped with a large matrix providing high-quality imaging and sufficient magnification is indispensable. Radiation exposure and radiation risk have to be considered, especially because the patients are often (in their last period) of childbearing age and radiation-sensitive organs such as the ovaries lie in the radiation beam [19] . The estimated absorbed ovarian dose during UAE is greater than that during common fluoroscopic procedures, but the dose is unlikely to result in acute or long-term radiation injury to the patient or increase the genetic risk to the patient's future children [20] . It should be noted that pulsed fluoroscopy, greater filtration and optimal technical use of the system during UAE reduce the radiation exposure [21, 22] . Fluoroscopy time and the use of oblique or magnified fluoroscopy should be limited. The contribution of radiation dose from angiographic runs is reported to be much less significant [23] .
The procedure must be performed in a well-organized hospital. The unit should have access to urgent gynaecological, anaesthetic and vascular surgical support if required.
The CIRSE or equivalent checklist should be used and followed for patient safety. A variety of dedicated embolization catheters and embolic materials is essential for the safety and effectiveness of the embolization procedures.
Standard Materials Include -5F sheaths. 
Colour Doppler ultrasound for US-guided puncture is optional

Procedure
Arterial access is usually obtained through the common femoral artery. Whereas some authors prefer bilateral access for embolization of both uterine arteries, others prefer unilateral approach with sequential embolization of the uterine arteries which is feasible using a Waldman loop or reversedtype catheters in the majority of cases. Theoretically, a unilateral approach has the advantage of only one arterial puncture but the disadvantage of longer fluoroscopy time [24] . The internal iliac artery is usually catheterized more easily with a contralateral approach over the aortic bifurcation. The uterine artery is most often the second branch of the anterior division of the internal iliac artery, the first branch being the vesical artery supplying the bladder. The uterine artery can be catheterized with a 4F or 5F tapered catheter such as a Cobra, MPA or Vertebral catheter or with a microcatheter. The use of microcatheters in combination with reduced guidewire manipulation in the uterine artery is recommended by some (Level 5) as it will usually prevent spasm.
Spasm of the uterine artery is the main cause of technical failure as this will make flow-guided embolization impossible. Spasmolytics are usually not very effective to solve this problem, catheter retrieval and waiting may help (Level 5).
Contrast injection is performed in order to confirm correct positioning of the catheter, the absence of collateral pathways for example to the ovaries and the lack of back flow which can cause non-target embolization of the pelvic organs or the lower extremities. Avoiding embolization of cervical branches is reported to be important to avoid vaginal necrosis. This may be achieved by placing the embolization catheter distal to these branches. In case of blood supply to the fibroids by the ovarian artery, selective microcatheter embolization of the fibroids only can be considered. Some authors recommend the use of PVA particles larger than 500l or even microspheres larger than 700l in such cases to reduce potential damage to the ovaries [25] .
When the position of the catheter(s) is satisfactory, UAE can be performed, usually with either PVA particles, PVA microspheres, tris-acryl gelatine (TAGM), Acrylamido PVA microspheres or gelfoam.
Each of the embolic agents has its specific diameter and endpoint for embolization. Thus, the operator should be familiar with the behaviour of the type of embolic agent that is used.
There are several small-sized series in the literature that compare the use of different embolizing agents. However, on comparing embolic agents used in UAE, there is no evidence of superiority of any one embolic agent.
A SR and meta-analysis of published comparative trials comparing embolic agents used in UAE reports no evidence of superiority of any embolic agent. Although there was a trend towards greater uterine and dominant fibroid volume reductions with TAGM compared with spherical PVA, the difference was not statistically significant (Level 2A) [26] [27] [28] [29] [30] [31] [32] [33] .
Medication and Peri-Procedural Care
On the day of the procedure, patients should only receive a light meal before embolization because nausea can be encountered after the procedure as a part of the postembolic syndrome.
Premedication with voltarol suppositories (diclofenac) is often used.
In many institutes, a Foley catheter is placed into the bladder before the procedure in order to prevent discomfort during and post procedure.
An iv drip is mandatory in order to administer medication when necessary.
Local analgesics such as Lidocaine 1 % should be administered before puncturing the common femoral artery. US guidance may be used to facilitate puncture of the artery.
Antibiotic prophylaxis, such as cefalozin 1 g, is administered intravenously in many institutes according to gynaecologic protocols. However, there is no proof to support this in any of the controlled trials, and it is therefore not recommended routinely.
For nausea prophylaxis and treatment dolasetron mesylate, metroclopramide or prochlorperazine may be administered.
Many analgesic protocols have been reported for UAE such as mild conscious sedation with (usually up to 50-100 lg) fentanyl and (5 mg of) midazolam, pain-controlled analgesia (PCA) with either fentanyl or morphin, epidural anaesthesia and even general anaesthesia.
It is important to acknowledge that UAE may cause significant post-procedural pain most likely due to ischemic changes within the fibroids and the surrounding myometrium. It is also important to note that pain is usually not experienced during the procedure but may begin in the immediate post-UAE period and is most intense during the first 24 h after UAE with a peak around 7 h [32, [34] [35] [36] [37] .
Specific local pain management protocols should be assessed in close cooperation with the departments of anaesthesiology and gynaecology. Patients should have access to additional analgesics as required such as oral paracetamol.
With the combination of appropriate patient instruction, informed consent, intravenous PCA and anti-inflammatory drugs, most patients have satisfactory pain control during the post-UAE period. In rare cases of uncontrollable pain, epidural anaesthesia may be used.
Post-procedural Follow-up and Care
Most complications after UAE are seen in the first week after discharge. As mentioned post-embolic syndrome is not a complication and can be treated with NSIAD's. The rare fatal complications reported have mostly been related to a combination of infection and lack of communication between the patient and treating physician leading to fatal septic shock. [38] 24/7 access to emergency gynaecological care after UAE is crucial. A follow-up telephone call after one week is standard in some institutions. The maximal/ final effect of UAE is seen at 6 months, which is therefore the best timing for clinical follow-up. Patients should know that within the first months, the initial complaints might seem unchanged. Return to normal activities and work is almost always possible 4-6 weeks after UAE.
Outcome and Effectiveness
Compared with hysterectomy, UAE results in lower blood loss, shorter hospital stay, and quicker resumption of work in the short-term, Mid-and long-term results (5 years) show comparable health-related quality-of-life results and a higher reintervention rate in UAE. Patients treated with hysterectomy and UAE are equally satisfied. The expected 5 years prevention of hysterectomy after successful UAE is 75 %-80 % following the randomized trials. [39] In singlearm, non-randomized studies and registries, the results for UAE are far better, with a secondary hysterectomy of less than 10 %. [40, 41] This is partly due to patient selection, being more ''real-life'', and the always restricted in-and exclusion criteria of a RCT.
The randomized trials looked specific at heavy menstrual blood loss as inclusion criteria for these trials, and other fibroid-related complaints were not a primary endpoint. Thus, for pain and bulk-related symptoms, it is difficult to make any evidence-based conclusion about the efficacy of UAE for these symptoms.
Both UAE and myomectomy result in significant and equal improvements in quality of life. UAE is associated with a shorter hospital stay and fewer major complications but a higher rate of reintervention (Level 1B) [42, 43] .
The effect of UAE on fertility has not been well investigated. Conflicting results regarding the effect of UAE on pregnancy and miscarriage rates have been reported [42, [44] [45] [46] . Unfortunately, the largest prospective randomized trial that compared UAE with myomectomy, did not report on fertility because ethical approval had been denied to study this outcome [42] . Thus, at present, UAE in women with a child wish should probably be reserved for women in whom myomectomy is not feasible according to gynaecological counselling or for research settings (Level 2A).
Complications
Major complications of both hysterectomy and UAE are rare and equal in the randomized trials. [47] . Major complications are reported in up to 5 % during and within the first month of the procedure [40, 41, 47] . Pulmonary embolism and deep vein thrombosis are reported in less than 1 %. Transcervical expulsion of fibroid tissue, occasionally necessitating surgery in ±5 % of procedures and major infection in 2.5 %. There have been three reported deaths due to UAE. In randomized clinical trials, common complications are discharge and fever (4 %), technical failure (4 %) and post-embolization syndrome (3 %) [39] . Amenorrhea is reported in ±4 % of women, permanent in less than 2 %.
Conclusions
-UAE is a true alternative to hysterectomy in women who want to preserve their uterus (level 1). -The 5-year outcome in QOL is equal in both groups with no difference in major complications (level 1). -A 15-20 % hysterectomy rate has to be expected during follow-up after successful embolization (level 1). -In the short-term, UAE had lower blood loss, shorter hospital stay and quicker resumption of work (level 1). -The risk for ovarian dysfunction after UAE seems overestimated in women \40 years of age. -Every symptomatic patient with uterine myoma's should be offered UAE as alternative treatment to hysterectomy/myomectomy.
-UAE should be incorporated in the (national) gynaecological guidelines.
